Purpose The aim of this study is to define the significance of hyponatremia as a marker of anastomotic leakage after colorectal surgery. Methods All anastomoses in colorectal surgery performed at a single institution between July 2007 and July 2012 (n=1,106) were retrospectively identified. Serum sodium levels and leukocyte values measured when an anastomotic leak was diagnosed by CT scan and/or surgical reintervention (n=81) were compared to the values preferably on postoperative day 5 in the absence of an anastomotic leak (n=1,025). Results The leak rate in anastomoses of the rectum was 9.0 %, while the leak rate of the other anastomoses was 5.4 %. Mean serum sodium level was 138.8 mmol/l in the group with an anastomotic leak and 140.5 mmol/l in the group without. Hyponatremia (<136 mmol/l) was present in 23 % of patients in the group with an anastomotic leak and in 15 % in the group without (p<0.001). In multivariate analysis, leukocytes and serum sodium level remained as significant markers of an anastomotic leak. As a marker of an anastomotic leak, hyponatremia had a specificity of 93 % and a sensitivity of 23 %, while the presence of either leukocytosis or hyponatremia had a sensitivity of 68 %, a specificity of 75 %, a positive predictive value of 18 %, and a negative predictive value of 97 %. Conclusions Hyponatremia could be a specific and relevant marker of anastomotic leakage after colorectal surgery. If hyponatremia and leukocytosis are present after colorectal surgery, anastomotic leakage should be suspected and a CT scan with rectal contrast dye is recommended.
Introduction
Hyponatremia is the most frequent electrolyte disorder in clinical practice [1] . It is associated with a general increase of morbidity and mortality [1, 2] . Mediated by osmotic release of vasopressin, hyponatremia typically occurs in patients with intravascular volume depletion as in fluid loss in to the third space [3] . However, recent research shows that direct immune neuroendocrine pathways connecting interleukin 6 to vasopressin seem to play an important role in the non-osmotic release of vasopressin in systemic inflammation [4, 5] .
The relation between systemic inflammation and hyponatremia is well known from pneumonia [6] and in spontaneous bacterial peritonitis in liver cirrhosis [7] . Furthermore, a relation between hyponatremia and secondary peritonitis is known from case series in the 1960s [8] . Just recently, we showed that hyponatremia indeed was an indicator of peritonitis after perforation in infectious colonic disease [9] . While the specificity of hyponatremia for perforation in infectious colonic disease was 79 %, the sensitivity was as low as 31 % [9] . Thus, the absence of hyponatremia could not exclude perforation in infectious colonic disease, while the presence of hyponatremia was a relevant marker of perforation in infectious colonic diseases [9] .
Based on the abovementioned pathophysiological considerations and on the relation between hyponatremia and perforation in infectious colonic diseases [9] , a relation between hyponatremia and anastomotic leakage after colorectal surgery was to be expected. We aimed to define the significance of hyponatremia and leukocytosis as predictors of anastomotic leakage after colorectal surgery.
Materials and methods
All surgery reports registered in a prospectively maintained database including all consecutive surgeries of the lower gastrointestinal tract performed at one institution (Klinikum rechts der Isar der Technischen Universität München) between July 2007 and July 2012 were analyzed in order to identify colonic or rectal anastomoses. In this database, diagnosis, type of surgery, presence of malignancy, comorbidities, and American Society of Anesthesiologists (ASA) score, as well as necessity of reoperation and follow-up data, were recorded. A chart review was performed to identify patients with an anastomotic leak. Diagnostic evaluation was only done in the case of suspicion of an anastomotic leak. It comprised CT scan with water-soluble contrast enema applied, conventional contrast enema, rectoscopy, and/or surgical reintervention in the case of obvious signs of anastomotic leakage such as fecal abdominal drainage. Abscesses in proximity of the anastomosis without extravasation of watersoluble contrast were accounted as a leakage.
Cutoff values for hyponatremia were not estimated; hyponatremia was already defined elsewhere as serum sodium levels <136 mmol/l [10] . Leukocytosis was defined as leukocyte values >10×10 9 /l. In patients without an anastomotic leak, the aim was to assess the serum sodium value and the leukocyte count preferably on day 5 after surgery, as on the one hand, the incidence of anastomotic leaks rises after day 5 postoperative [11] , and on the other hand, routine blood test was rarely done after day 6 postoperative in these patients. As laboratory values were not measured daily, a ranking of preferred days of assessing the laboratory values (days 5, 4, 6, 7, 3, 8, and 2) was defined, in order to be as close as possible to day 5 postoperative. In patients with an anastomotic leak, the most recent laboratory results before the diagnosis was made were assessed.
Statistics Results are expressed as mean and standard deviation. Univariate analyses were done with Fisher's exact test (two-sided) for categorical data and with the Wilcoxon rank sum test for continuous variables. Multivariate analyses were done with logistic regression analysis. Significance was set at the p<0.05 level. The statistical analyses were performed with STATA 10 (StataCorp LP, Texas, USA).
Results
A total of 1,106 patients were identified in which an anastomosis was performed within the colon or the rectum between July 2007 and July 2012. Anastomotic leaks were diagnosed by (the sum does not equal n=81) the following: CT scan with watersoluble contrast (n=52), conventional contrast enema (n=4), rectoscopy (n = 8), and/or straightforward surgical reintervention in the case of obvious signs of anastomotic leakage (n=24). An anastomotic leak after colorectal surgery occurred in 81 patients (7.3 %). The number of anastomotic leakages on each day after colorectal surgery is shown in Fig. 1 .
The patient characteristics of the group of patients with and without an anastomotic leak are shown in Table 1 . The leak rate in rectal anastomoses (n=588) was 9.0 %, while the leak rate of the other anastomoses (n=518) was 5.4 %. The anastomotic leaks were managed as follows (the sum does not equal n=81 because the same patient could have several treatments): conservative treatment by antibiotics without intervention (n=14), EndoVAC® therapy (n=2), CT-guided pigtail placement and drainage of the abscess (n=7), endoscopic closure of leak (n=2), ileostomy (n=27), correction or redo of the anastomosis (n=22), discontinuity resection (n= 23). One patient died before intervention could be done. The anastomotic leaks were graded after Rahbari [12] as follows: grade A (n=14), grade B (n=8), and grade C (n=59). The overall 30-day mortality was 1.2 % (n=1).
In patients without an anastomotic leak, the serum sodium level and the leukocyte count were assessed after mean Fig. 1 The number of anastomotic leakages on each day after colorectal surgery 5.2 days (SD 2.1). In the case of an anastomotic leak, the most recent laboratory results before the diagnosis was made were assessed on mean 8.4 days (SD 4.5), the difference to the time the diagnosis was made was mean 0.5 days (SD 1.2).
Hyponatremia (<136 mmol/l) was present in 23 % (n=19) of patients in the group with an anastomotic leak and in 15 % (n=69) of patients in the group without (n=1,025, p<0.001). The serum sodium levels (p<0.001) and leukocyte counts (p<0.001) correlated with the presence of an anastomotic leak. In logistic regression analysis, both leukocyte counts (p<0.001, 95 % CI 0.074 to 0.166) and serum sodium levels (p=0.001, 95 % CI 0.154 to −0.037) remained independent significant markers of an anastomotic leak. The significant differences of the mean serum sodium level and of mean leukocytes in the group of patients with an anastomotic leak and the group without are shown in Fig. 2 and in Fig. 3 . Leukocytosis was present in 12 of the 19 patients with hyponatremia and an anastomotic leak. The sensitivities, specificities, positive predictive values, and the negative predictive values of hyponatremia, leukocytosis, and the possible combinations are shown in Table 2 . A receiver operation characteristic analysis with leakage as the reference variable and the sodium level as the classification variable showed a receiver operation characteristic area of 0.5016 on day 4, 0.5337 on day 5, 0.4050 on day 6, and 0.1176 on day 7 postoperative. The results of the sensitivity, specificity, and negative and positive predictive values of hyponatremia with regard to the different days postoperative are shown in Table 4 .
Preoperative sodium level dropped by mean 1.3 mmol/l in the group of patients who developed an anastomotic leak but raised by mean 0.8 mmol/l in the group of patients who did not develop an anastomotic leak. The drop of preoperative sodium level was significantly associated with the development of anastomotic leak (p<0.001). The results of a receiver operating characteristic analysis of the drop of preoperative sodium level with regard to the development of an anastomotic leak are shown in Table 3 . The interval between surgery and diagnosis of an anastomotic leak was significantly longer in the subgroup of patients with hyponatremia (mean 12.4 days) compared to the group without (mean 7.4 days) (p= 0.003). Especially in the subgroup of patients with anastomotic leaks of anastomoses in the lower two thirds of the rectum with defunctioning ileostomies, the interval between surgery and diagnosis of an anastomotic leak was significantly longer in those with hyponatremia (mean 12.6 days) compared to those without (mean 5.7 days) (p=0.009). In the absence of a defunctioning ileostomy, there was no significant difference in the intervals between surgery and diagnosis of an anastomotic leak between patients with hyponatremia (mean 9.9 days) compared to those without (mean 7.5 days) (p=0.176).
Discussion
We aimed to define the significance of hyponatremia as a marker of anastomotic leaks after colorectal surgery. The most recent serum sodium levels and leukocyte counts measured before an anastomotic leak was diagnosed, were assessed, and were compared to the values in the absence of an anastomotic leak. Hyponatremia turned out to be a specific marker of an anastomotic leak after colorectal surgery.
Established inflammation markers such as elevated Creactive protein (CRP) and elevated leukocytes can be used for detection of anastomotic leaks after colorectal surgery [13] . A recent meta-analysis showed that a CRP below 135 mg/l on postoperative day 4 has a high negative predictive value (89 %) for infectious complications after colorectal surgery [14] . However, possibly due to expense, CRP is often not measured in the daily routine, while the serum sodium level is. Thus, the hypothesis that hyponatremia is a marker of anastomotic leakage after colorectal surgery could be of clinical importance.
Due to low sensitivity (23 %), the absence of hyponatremia cannot be used to exclude an anastomotic leak after colorectal surgery. But, as the specificity of hyponatremia for an anastomotic leak is as high as 93 %, the presence of hyponatremia should raise suspicion for an anastomotic leak after colorectal surgery.
In the case of suspicion for an anastomotic leak after colorectal surgery, a CT scan with contrast dye remains the preferred diagnostic modality to confirm the diagnosis [11] . However, routine CT scans for postoperative evaluation of anastomoses in colorectal surgery are not recommended. Furthermore, the results of CT studies performed to exclude anastomotic leaks after colorectal surgery are not always explicit [15] , and false negative results can lead to a potentially disastrous delay in diagnosis and treatment [16] . Thus, it remains an important challenge to consistently and expeditiously determine whether and when anastomotic leakage after colorectal surgery should be suspected.
What is the pathophysiology of postoperative hyponatremia? Different non-osmotic stimuli such as pain, stress, nausea, emesis, and/or intravascular volume depletion result in increased secretion of vasopressin and consecutive water retention after surgical interventions [3] . These stimuli are much stronger in anastomotic leak with peritonitis and beginning sepsis syndrome resulting in pain, stress, release of inflammation mediators as interleukin 6 [4] , and volume depletion due to loss of water into the third space and diarrhea [3] . The surface of the peritoneum is 1.3-1.4 m 2 [17] . As the peritoneal cells have microvilli, the functional surface is even larger [18] . These pathophysiological mechanisms with high volume loss into the peritoneal cavity have been compared to severe burns with a high percentage of total body surface involved [19] . The water and electrolyte imbalance resulting from peritonitis can be further disturbed by the impaired renal function associated with the beginning sepsis syndrome [20] and by diuretics administration [3] .
It could be argued that an anastomotic leakage provokes electrolyte imbalances, and therefore, it could be difficult to differentiate between cause and consequence. First, no significant difference in the prevalence of preoperative hyponatremia could be detected in the group of patients who developed an anastomotic leak compared with those who did not. Second, the drop of sodium level was a significant marker of the presence of an anastomotic leak. Thus, it is more likely that hyponatremia is the consequence of an anastomotic leak and that it is not a risk factor for the development of an anastomotic leak.
The interval between surgery and the day an anastomotic leak was diagnosed was significantly longer in the subgroup with hyponatremia, compared to the group without. This could indicate a bias. However, the most probable explanation for this finding is that a delay in diagnosing the anastomotic leak leads to a longer impact of the abovementioned factors leading to electrolyte disturbances. This finding is even pronounced in patients with anastomoses in the lower two thirds of the rectum with defunctioning ileostomies that ameliorate the clinical consequences of an anastomotic leak [21] . Thus, the diagnosis of an anastomotic leak might be delayed, as patients might suffer from a silent leak until the diagnosis is made. This is underlined by missing significant difference in the interval between surgery and the day an anastomotic leak was diagnosed in patients without a defunctioning ileostomy.
To clarify this, a receiver operation characteristic analysis with leakage as the reference variable and the sodium level as the classification variable was done; it showed the highest area under the curve on day 5 postoperative suggesting this day to be the best for diagnosis/prediciting anastomotic leakage by hyponatremia. The corresponding sensitivity, specificity, and negative and positive predictive values are shown in Table 4 . However, as the sodium level was rarely measured after day 7 in patients with an uneventful postoperative course, this analysis was limited from day 4 to day 7, and thus, the conclusions drawn are of limited significance. Indeed, a prospective trial with measurement of sodium on predefined days after colorectal surgery is needed to answer this question.
Conclusion
Hyponatremia seems to be a significant and clinically relevant marker of anastomotic leakage after colorectal surgery. The presence of hyponatremia should raise suspicion of an anastomotic leak after colorectal surgery, especially in patients with delayed recovery in the late postoperative course. If hyponatremia and leukocytosis are present after colorectal surgery, a CT scan with rectal contrast dye is recommended to exclude an anastomotic leak. However, further prospective trials are needed to confirm these results.
Conflicts of interest None. 
